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OPTICAL MICROPHONE 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application is related to concurrently filed 
patent application Ser. No. 08/989,275 filed Dec. 12, 1997, 
entitled “Laser Microphone,” by the same inventor. 

This invention was made with Government support under 
contract number DE-AC02-76CH00016, awarded by the 
U.S. Department of Energy. The Government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to dynamic pres 
Sure or density measurement, and, more Specifically, to 
microphones for detecting acoustic energy or Sound. 
A typical microphone is a transducer which converts 

acoustic energy into electrical energy. This is typically 
accomplished by allowing the acoustic energy to vibrate a 
diaphragm or membrane, with the vibration thereof being 
converted to an electrical Signal indicative of the acoustic 
energy. However, the diaphragm inherently has mass which 
affects the ability of the microphone to accurately detect the 
original acoustic energy. 

Various types of microphones are known which vary in 
Sophistication and ability to accurately detect the acoustic 
energy. The microphones are evaluated by various perfor 
mance criteria including frequency range and response, 
dynamic range, Sensitivity, and polar pattern or the direc 
tional response capability of the microphone. 
Of particular interest is the microphone Sensitivity which 

is typically expressed by the output voltage of the micro 
phone for a particular Sound pressure level. High micro 
phone Sensitivity is desired for discriminating against SyS 
tem noise and other electrical interference. 

The polar pattern, or the directional response of the 
microphone is another important parameter to avoid the 
detection of unwanted Sound or Sources while linking the 
detection capability of the microphone to a Specific direc 
tion. 

The diaphragms are typically made as thin and light 
weight as possible to limit their adverse affect on accurately 
detecting acoustic energy or Sound. A low mass diaphragm 
is desirable for obtaining a flatter frequency response, and 
improved microphone Sensitivity. However, the diaphragm 
is therefore Subject to large excursions in travel under a large 
preSSure wave Such as that occurring upon the pronunciation 
of “P” words. This causes undesirable popping response 
from the microphone when used for example in a public 
address Speaker System. 

Accordingly, it is desired to provide a diaphragm-leSS 
microphone for detecting acoustic energy without the typical 
problems associated with a diaphragm-microphone while 
obtaining good Sensitivity, frequency range and response, 
and directional response, for example. 

SUMMARY OF THE INVENTION 

An optical microphone includes a laser and beam splitter 
cooperating there with for Splitting a laser beam into a 
reference beam and a signal beam. A reflecting Sensor 
receives the Signal beam and reflects it in a plurality of 
reflections through Sound pressure waves. A photodetector 
receives both the reference beam and reflected Signal beam 
for heterodyning thereof to produce an acoustic Signal for 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
the Sound waves. The sound waves vary the local refractive 
indeX in the path of the Signal beam which experiences a 
Doppler frequency shift directly analogous with the Sound 
WWCS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, in accordance with preferred and exem 
plary embodiments, together with further objects and advan 
tages thereof, is more particularly described in the following 
detailed description taken in conjunction with the accom 
panying drawings in which: 

FIG. 1 is an isometric view of an optical microphone in 
accordance with an exemplary embodiment of the present 
invention. 

FIG. 2 is a Schematic representation of the optical micro 
phone illustrated in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

Illustrated schematically in FIG. 1 is an optical micro 
phone 10 in accordance with a preferred embodiment of the 
present invention for detecting acoustic energy in the form 
of Sound pressure waves 12 from an exemplary Sound Source 
S. The Sound waves 12 may have any dynamic frequency, 
but are typically in the exemplary audible range of 20–20, 
000 ha. The microphone 10 is not limited to the audible 
range but is also capable of detecting acoustic energy below 
or above the audible range in unlimited acoustic bandwidth, 
except as limited by the electronic circuitry therefor. 
The optical microphone 10 illustrated in FIG. 1 is char 

acterized by the absence of a conventional diaphragm or 
membrane, but instead directly uses light in the path of the 
sound waves 12 for the detection thereof. The microphone 
10 illustrated in FIG. 1 may take any suitable form for 
measuring Sound waves 12 in a Sound propagating medium 
Such as atmospheric air. In the exemplary embodiment 
illustrated in FIG. 1, the microphone 10 includes a tubular 
housing 14.a configured for being either hand held or 
mounted to a microphone Support, with an optional Screened 
head 14b being attached thereto and being generally trans 
parent to the Sound waves 12, as is conventional. 
The functional elements of the microphone 10 illustrated 

in FIG. 1 are shown schematically in FIG. 2 and include 
means for emitting a Source beam in the form of a laser 16 
for emitting an electromagnetic Source or laser beam 18. The 
laser 16 is suitably mounted inside the housing or head of the 
microphone and may take any conventional form Such as a 
Solid State laser, gas laser, or fiber laser. In the preferred 
embodiment, the laser 16 is a Helium Neon (HeNe)-laser for 
reducing undesirable System noise in the microphone. 
Means in the form of a beam splitter 20 are suitably 

disposed in optical alignment with the laser 16 for optically 
Splitting the laser beam 18 into two components including a 
reference laser beam 18a and a Sensing or Signal laser beam 
18b. The laser beam 18 has a fundamental frequency which 
is Several orders of magnitude greater than the frequency of 
the Sound waves 12. The Split reference and Signal beams 
18a,b have Substantially the same light frequency and wave 
length as the original beam from the laser 16. The beam 
Splitter 20 may take any conventional form Such as a 
partially reflective mirror which reflects a portion of the 
laser beam 18 as the reference beam 18a while transmitting 
the remaining portion of the laser beam 18 as the Signal 
beam 18b therethrough. 
A reflecting Sensor 22 is disposed in optical communica 

tion or alignment with the beam splitter 20 for receiving the 
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Signal beam 18b and reflecting the Signal beam in a plurality 
of reflections through the sound waves 12. The sensor 22 is 
an optical-acoustic cell having no moving parts or dia 
phragm for directly detecting the Sound waves 12. Acoustic 
energy travels through a medium Such as air, with the 
molecules thereof being alternately compressed and rarefied 
at the corresponding Sound frequency and wavelength. The 
acoustic or pressure waves 12 travel outwardly from the 
Source S and are directional. Instead of using a conventional 
diaphragm for detecting the Sound waves 12, the laser Signal 
beam 18b in the reflecting sensor 22 is used. 

The signal beam 18b is directed through the path of the 
sound waves 12 and probes the density thereof. When 
molecules of air are compressed, the refractive index thereof 
is increased and light travels more slowly through a denser 
medium. When the molecules of air are rarefied, the refrac 
tive indeX is lowered and light travels faster through a leSS 
dense medium. Accordingly, the Signal beam 18b is directly 
affected, or acoustically modulated, by the Sound waves 12 
through which it is directed, which is used in accordance 
with the present invention for directly detecting the Sound 
waves 12 without a diaphragm. 
As shown in FIG. 2, the reflecting sensor 22 is preferably 

configured to effect the reflections of the signal beam 18b in 
a common Sensor plane to effectively produce a sheet of 
light through which the Sound waves 12 may pass. AS the 
light in the signal beam 18b in that sheet intercepts the sound 
waves 12 inside the sensor 22, the light travels slower 
through the compressed or denser molecules of air and faster 
through the rarefied or leSS dense molecules of air, 
respectively, encountered in the different portions of the 
sound waves. This effects an associated Doppler shift in the 
frequency of the signal beam 18b with the resulting 
multiply-reflected Signal beam being designated 18c (just 
before it leaves the sensor 22). The Doppler shifted fre 
quency of the reflected Signal beam 18c provides the Vari 
able Signal Source for the microphone which is indicative of 
the detected Sound waves 12. 

For example, if the Sound waves 12 have a frequency of 
one kHz, pressure variations in the air encountered by those 
waves occur at the Same frequency. And, the frequency of 
the signal beam 18b reflected in the sensor 22 will be 
Similarly Doppler shifted at the same frequency and that 
shift will be contained in the reflected signal beam 18c. 

In order to extract or demodulate the affect of the Sound 
waves 12 in the reflected signal beam 18c, a detector 24 or 
means in the exemplary form of a photodetector are dis 
posed in optical communication or alignment with both the 
beam splitter 20 and the Sensor 22 for receiving and auto 
matically heterodyning the reference beam 18a and the 
reflected Signal beam 18c to produce a resulting electrical 
acoustic Signal 26 representative of the Sound waves 12 
engaging the Sensor 22. The Signal beam 18b, 18c has been 
Doppler shifted by the sound, while the reference beam 18a 
has not. During heterodyning, the electronic output is the 
difference between the Doppler shifted and non-Doppler 
shifted (reference) beams. This is the acoustic signal. 

The photodetector 24 may take any conventional form, 
Such as a photodiode or photomultiplier, which produces an 
output electrical Signal from an input optical Signal. The 
Doppler shifted signal which the detector measures will 
exactly reproduce the frequency pattern of the Sound waves 
12. Reproduction of the Source is exact because there is no 
mass in the Sensor 22 which must vibrate, with the Signal 
beam 18b Simply measuring directly the dynamic variation 
of density of the air molecules through which it passes. 
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4 
AS indicated above, the reflecting Sensor 22 is preferably 

configured to reflect the Signal beam 18b in a single-plane 
sheet of light to provide preferred directional Sensitivity in 
the Sensor 22 for the Sound waves 12 emanating from the 
Source S. Directionality is provided by the orientation of the 
Sensor 22 for preferably receiving the Sound waves 12 
moving in a direction generally normal to the light sheet. 
Sensitivity is increased by the multiple reflections of the 
signal beam 18b in the sensor 22 for effecting more inter 
actions between the Signal beam and the acoustic waves 12. 

In the exemplary embodiment illustrated in FIG. 2, the 
Sensor 22 includes a pair of opposing Sensor mirrors 22a, b 
for reflecting the signal beam 18b therebetween. The sensor 
mirrors 22a, b are Suitably Spaced apart and aligned to define 
a Sensor plane along which the Signal beam is multiply 
reflected. The Sensor plane may be positioned perpendicu 
larly with respect to the direction of Sound wave propagation 
from Source S, for maximizing directionality and Sensitivity, 
i.e. the polar pattern detection or directional response capa 
bility of the sensor. 
The optical-acoustic Sensor 22 therefore allows an 

improved method of optically detecting the Sound waves 12 
without using a moving-mass diaphragm. Light in the form 
of the laser beam 18 is emitted from the laser 16 and split in 
the Splitter 20 into the Separate reference and Signal beams 
18a,b. To Summarize the operation of the microphone of the 
invention, the signal beam 18b is reflected inside the sensor 
22 for interacting with the Sound waves 12 and generating 
the reflected Signal beam 18c which is correspondingly 
modulated by Doppler shift in frequency in direct response 
to the sound waves 12. Heterodyning of the reference beam 
18a and the reflected signal beam 18c in the detector 24 
demodulates the reflected signal beam 18c to produce the 
resulting acoustic Signal 26 which is directly analogous to 
the Sound waves 12. 

Heterodyning is a common technique typically found in 
frequency modulated (FM) radios for transmitting Sound 
through the air, or in motion measuring radar Such as those 
commonly used to enforce traffic Speed limits, or in other 
types of laser based motion detectors. Two Signals of dif 
ferent frequency are added together to produce fluctuations 
or beats of the combined frequencies corresponding to the 
difference between the two Signals. Analogous optical het 
erodyning is automatically effected in the detector 24 which 
Simultaneously receives the reference Signal 18a and the 
reflected signal beam 18c. Since the reference beam 18a and 
signal beam 18b are initially substantially identical, the 
difference between the reflected signal beam 18c and the 
original reference beam 18a is directly indicative of the 
variation in density produced by Sound waves 12 as they 
pass through the sheet of light formed by the reflected Signal 
beam 18b, 18c and is readily obtained by heterodyning. 
As illustrated in FIG. 2, the microphone 10 preferably 

also includes a focusing lens 28 disposed in optical com 
munication or alignment between the detector 24 and both 
the beam splitter 20 and Sensor 22 for mixing and focusing 
together the reference beam 18a and the reflected Signal 
beam 18c. By focusing the two beams together onto the 
photodetector 24, automatic heterodyning is effected. The 
focusing lens 28 may be integrated in a System or assembly 
of Suitable optical elements for both focusing and collimat 
ing the beams for more efficient heterodyning. 
The beam splitter 20, the sensor 22, and the focusing lens 

28 may be optically aligned in any Suitable manner. In the 
preferred embodiment illustrated in the Figures, a pair of 
first and second conventional fiber optic cables 30a and 30b 
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are provided for respectively carrying or transmitting the 
signal beam 18b from the splitter 20 to the sensor 22 and for 
returning the reflected signal beam 18c from the sensor 22 
to the lens 28 and detector 24, in turn. A suitable relay mirror 
32 may be provided between the output end of the second 
cable 30b and the lens 28 for maintaining compactness of the 
system. The optical cables 30a and 30b may be used for 
Suitably Separating the Sensor 22 from the other components 
of the microphone as desired within the housing 14a and 
head 14b (see FIG. 1). Furthermore, the optical cables 30a, b 
reduce or eliminate any unwanted or off-angle (relative to 
the direction of movement of Sound waves 20 from Source 
S) Sound from being picked up in the System, by thus 
generally isolating Sound detection with the Signal beam to 
the sensor 22 itself. 

Noise is common in any electronic System. For example, 
the photodetector 24 is a solid state device which is subject 
to 1/f noise, i.e. proportional to one over the frequency. In 
order to reduce this component of noise, the microphone 10 
preferably also includes means in the form of an optical 
frequency shifter 34 disposed in optical communication or 
alignment between the beam splitter 20 and the detector 24, 
via the lens 28, for optically shifting frequency of the 
reference beam 18a. The frequency shifter 34 may take any 
conventional form, Such as an acousto-optic frequency 
shifter, for shifting the optical frequency an effective amount 
such as in the exemplary range of 2-15 MHz. 
Correspondingly, the microphone 10 includes Suitable elec 
tronics in a conventional circuit 36 for resolving the acoustic 
Signal for the amount of shifted frequency of the reference 
beam 18a. 

In one embodiment of an optical microphone built and 
tested, Sensitivity to detect preSSure variations in the atmo 
sphere of 0.01 psi was obtained with an effective sensing 
light path of 20 cm without multiple reflections. Sensitivity 
can be increased by an order of magnitude, for example, to 
0.001 psi by increasing the Sensing path length by a factor 
of 10 using ten reflections between the Sensor mirrors 22a, b. 

The optical microphone 10 disclosed herein includes 
various advantages attributable to the elimination of the 
conventional moving mass or diaphragm used in other kinds 
of microphones. Improved Sensitivity, frequency response, 
dynamic range, and unlimited bandwidth are exemplary 
advantages. A significant advantage is the elimination of the 
popping “P” Sounds in the resulting acoustic Signal 26 which 
would otherwise be obtained using a conventional dia 
phragm type microphone. 

Although the invention has been described in an exem 
plary embodiment using a laser, other means for emitting 
Suitable electromagnetic beams may also be used below and 
above the optical wavelength spectrum. For example, Maser, 
microwaves, or ultraViolet beams may be used. 

While there have been described herein what are consid 
ered to be preferred and exemplary embodiments of the 
present invention, other modifications of the invention shall 
be apparent to those skilled in the art from the teachings 
herein, and it is, therefore, desired to be Secured in the 
appended claims all Such modifications as fall within the 
true Spirit and Scope of the invention. 

Accordingly, what is desired to be Secured by Letters 
Patent of the United States is the invention as defined and 
differentiated in the following claims: 

I claim: 
1. A microphone for detecting Sound pressure waves 

compriSIng: 
emitting means for emitting a Source beam; 
a beam splitter for Splitting Said Source beam into a 

reference beam and a signal beam; 
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6 
a reflecting Sensor disposed in communication with Said 

Splitter for receiving Said Signal beam and reflecting 
Said Signal beam in a plurality of reflections through 
and engaging Said Sound waves, and 

a detector disposed in communication with both Said 
Splitter and Said Sensor for receiving and heterodyning 
Said reference beam and Said reflected Signal beam to 
produce an acoustic Signal analogous to Said Sound 
waves engaging Said Signal beam in the Sensor. 

2. A microphone according to claim 1 wherein Said 
reflecting Sensor is configured to effect Said reflections in a 
common Sensor plane to provide directional Sensitivity for 
Said Sound waves engaging the Signal beam. 

3. A microphone according to claim 2 wherein Said 
reflecting Sensor comprises a pair of opposing mirrors for 
reflecting Said Signal beam therebetween. 

4. A microphone according to claim 3 further comprising 
a frequency shifter disposed in communication between Said 
beam splitter and detector for shifting frequency of Said 
reference beam. 

5. A microphone according to claim 3 wherein Said 
emitting means comprise a laser and Said Source beam is a 
laser beam; and further comprising a focusing lens disposed 
in optical communication between Said detector and both 
Said beam splitter and Said reflecting Sensor for focusing 
together Said reference beam and Said reflected Signal beam. 

6. A microphone according to claim 3 wherein Said 
emitting means comprise a laser and Said Source beam is a 
laser beam; and further comprising a pair of fiber optic 
cables for respectively transmitting Said Signal beam to Said 
reflecting Sensor and returning Said reflected Signal beam 
therefrom. 

7. A microphone according to claim 3 wherein Said 
emitting means comprise a laser and Said Source beam is a 
laser beam; and further comprising: 

an optical frequency shifter disposed in optical commu 
nication between Said beam splitter and detector for 
optically shifting frequency of Said reference beam; 

a focusing lens disposed in optical communication 
between Said frequency shifter and Said detector; 

a first fiber optic cable disposed in optical communication 
between Said beam splitter and Said reflecting Sensor 
for transmitting Said Signal beam thereto, and 

a Second fiber optic cable disposed in optical communi 
cation between Said reflecting Sensor and Said focusing 
lens for returning Said reflected Signal beam thereto for 
mixing with Said reference beam in Said detector. 

8. A method of detecting Sound pressure waves without a 
moving mass diaphragm comprising: 

emitting a Source beam; 
Splitting Said Source beam into a reference beam and a 

Signal beam; 
reflecting Said Signal beam in a plurality of reflections 

through Said Sound waves, and 
heterodyning Said reference beam and Said reflected Sig 

nal beam to produce an acoustic Signal for Said Sound 
WVCS. 

9. A method according to claim 8 wherein Said Signal 
beam is reflected in a common plane to provide directional 
Sensitivity in detecting Said Sound waves. 

10. A method according to claim 8 further comprising 
shifting frequency of Said reference beam. 

11. A method according to claim 8 wherein Said Source 
beam is a laser beam for optically detecting Said Sound 
preSSure waves. 
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